This study assessed the diagnostic value of QT dispersion for left ventricular hypertrophy (LVH) as determined by echocardiography. The QT and QRS interval parameters were determined automatically using computerized 12-lead electrocardiography in 153 Japanese outpatients. Corrected QT dispersion (QTcD) and maximal QRS duration (MaxQRS) were significantly correlated with left ventricular mass index. The sum of QTcD and MaxQRS showed the highest correlation with left ventricular mass index among QT and QRS interval parameters and their combinations. The cut-off points for LVH discrimination in this study were different to those reported in Western, mainly Caucasian, populations, suggesting the need for ethnicity-specific LVH detection criteria. A scoring system derived from multiple logistic regression analysis, employing a combination of QTcD, QRS time-voltage product and ST-T change, showed a specificity of 86.3%. It was concluded that QTcD, in addition to QRS time-voltage product and ST-T change, improved the detection of LVH.
Introduction
Left ventricular hypertrophy (LVH), determined by echocardiography, has prognostic value for 1 -and is associated independently with -an increased risk of cardiovascular morbidity and death, even after adjustment for other major risk factors. 2 Surface 12-lead electrocardiography (ECG) has been used extensively for the detection of LVH. The 12-lead ECG R Izumi, R Shinohata, N Ohmaru et al. QT dispersion and left ventricular hypertrophy estimation of LV mass (LVM) using voltage criteria is based on the assumption that a larger ventricular mass evokes higher QRS wave voltages than a smaller ventricular mass. 3, 4 This relationship is, however, not simple. Extracardiac factors -including the tissues and structures located between the activation region and the body surfaceaffect the surface ECG voltages in a nonhomogeneous way, and interfere with the relationship between ECG voltage and LVM. 5 In contrast, time measurements of QT duration are affected by LVH without any reported evidence of modification by such extracardiac factors. 6 Basic studies 7 -9 have demonstrated that LVH increases the nonhomogeneity of ventricular repolarization, in association with prolongation of the action-potential duration. The T wave reflects the repolarization phase of the ventricular myocardium. Prolongation and non-homogeneous repolarization affect the QT interval duration and change the T wave morphology. 10, 11 In addition to QT time, QRS duration has been well demonstrated to correlate with LVM. 12, 13 Furthermore, ST-T change is also significantly related to LVH. 14 Cut-off points of QT time indices and QRS voltages have been applied without consideration of ethnic differences. Body structure, LVM and their relationships differ between ethnic groups, 15 and these factors should be considered when cut-off values are used for the detection of LVH.
Against this background, it was hypothesized that QT dispersion in addition to QRS interval and voltage, with and without changes in ST-T shape, would contribute to the detection of LVH. In fact, previous studies using manual measurement of the QT interval have shown an association between increased LVM indexed for body size (LVMI) and QT dispersion, to various degrees. 6,16 -19 None of those studies determined QT duration automatically using a computerized ECG system and none involved Asian patients. Accordingly, the role of QT duration in the detection of LVH, determined by two-dimensional echocardiography in unselected Japanese patients, was examined in the present study as a representative cohort of Asian ethnicity, using fully automated computerized ECG equipment. The cut-off points of these ECG indices were also compared with values reported from other countries.
Patients and methods

PATIENTS AND INCLUSION CRITERIA
In this prospective study, unselected Japanese outpatients who underwent determination of QT dispersion and echocardiographic examination on the same day in the Clinical Physiology Test Department, Kawasaki Medical College Hospital, Kurashiki, Japan, between January 2008 and December 2009, were enrolled sequentially in this study. Patients with unqualified echocardiographic tracings were excluded from the study. The exclusion criteria were: (i) any underlying pathological condition that would interfere with ECG, such as lung disease, pulmonary and pericardial effusion, abnormal serum mineral levels; (ii) the presence of ischaemic heart disease that would pathologically interfere with the QT and QRS interval; and (iii) the presence of bundle branch block, leading to abnormal prolongation of QT and QRS time.
The present study complied with the Helsinki Declaration. 20 Written informed consent was obtained from all patients, and the study was approved by the Ethics Committee for Human Research at Kawasaki Medical College Hospital.
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ECG MEASUREMENTS
The QT measurements were performed by two investigators (R.I., S.K.) who were blinded to the other clinical data. A 12-lead ECG was recorded using a computerized ECG machine (FDX-6521; Fukuda Denshi Co., Tokyo, Japan) with a sampling rate of 4000 samples/s per channel, and the frequency response set within the range 0.05 − 150 Hz. Before analysis, the ECG recordings were screened for abnormalities by an experienced ECG reader. QT intervals were automatically determined from averaged complexes on the digital ECG using interactive software (QTD-1; Fukuda Denshi Co.) that detected QRS onset and T-wave offset; the reliability and accuracy of this method have been demonstrated previously. 21 Briefly, the QT intervals were measured by averaging beats from similar cycles. A global QRS onset and T-wave offset were determined in all 12 leads using differentiation of the wave voltage sequence, then the QT interval was measured for each lead. When a U wave was present, QT was measured at the nadir of the T-U curve. The QT intervals were corrected automatically for heart rate using Bazett's formula (QTc). 22 The corrected QTc dispersion (QTcD) was defined as the difference between the minimum and maximum QTc (MaxQTc) intervals in any of the 12 ECG leads in which the QT could be reliably determined. 23 Furthermore, manual inspection was also performed at every ECG to check the accuracy of the automatic QT measurements. Consequently, QTcD was determined in all patients. QRS duration was measured in 12 leads using methods identical to those for the QT interval measurements. Average QRS (AverQRS), maximal QRS (MaxQRS) duration and QRS dispersion obtained from the 12 leads were subjected to analysis. QRS voltages were also determined automatically, based on the peak or dip point of the QRS wave by differentiation of the wave voltage sequence. Furthermore, Cornell voltage and Cornell time-voltage product were calculated. 3, 13, 24 -26 ST-T change was defined when one or both of the following changes were present: ST segment depression > 0.05 mV and negative T wave in leads V5 and/or V6.
ECHOCARDIOGRAPHIC MEASUREMENTS
Trans-thoracic M-mode, two-dimensional and Doppler echocardiography procedures were performed using a Toshiba SSA390A instrument (Toshiba Medical Systems, Tokyo, Japan) on the day of ECG recording. All examinations were performed by two medical technicians who were experienced in echocardiographic measurement and who were unaware of the patients' clinical backgrounds. Echocardiographic recordings were performed in the parasternal long-axis plane. Measurements were made according to the guidelines stipulated by the American Society of Echocardiography (ASE). 27 LVM was calculated from end-diastolic LV dimensions according to the formula in the ASE guidelines. 27 LVMI was calculated by dividing LVM by body surface area. In accordance with the ASE guidelines, LVH was considered present when either one of the following echocardiographic values was obtained: male LVMI ≥ 115 g/m 2 ; female LVMI ≥ 95 g/m 2 .
STATISTICAL ANALYSES
Data are expressed as the mean ± SD. Statistical analysis was performed using PASW Statistics TM , version 17.0 (SPSS Inc., Chicago, IL, USA) and StatFlex TM , version 5.0 (Artech Co., Ltd, Osaka, Japan) for Windows ® . Bland and Altman plots were used to evaluate differences in QT determination between the R Izumi, R Shinohata, N Ohmaru et al.
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automatic and manual measurements. The Ftest was used to analyse equality of data variance between the two groups. A Student's t-test or the Mann-Whitney U-test were used to compare data between the two groups when the data variances were equal or unequal, respectively. A χ 2 -test was used to compare the frequency of variables such as sex and association of hypertension and hyperlipidaemia between the two groups.
For univariate analysis, Pearson's correlation analysis was employed to determine the strength of the relationships between the ECG measurements and LVMI. The receiver operating characteristic (ROC) curve was used to obtain the area under the curve (AUC), and the sensitivity and specificity of each of the time and voltage parameters for distinguishing patients with LVH from those without. Significance of AUC was determined by the t-test. In the ROC curves, when various cut-off values were selected, the relationship between the values of sensitivity and 1 -specificity were plotted. The optimum cut-off was chosen as the value that minimized the distance from the upperleft corner of the plot frame. Stepwise multiple linear regression analysis was used to determine the independent combination of each of the ECG parameters for detection of LVMI. Using the cut-off point obtained by ROC curve analysis, multiple logistic regression analysis was performed to assess the contribution of each time interval index to the detection of LVH. Finally, a scoring system for LVH detection was constructed, based on the results of the regression coefficient obtained using the multiple logistic regression equation. A P-value < 0.05 was considered to be statistically significant.
Results
COMPARISON OF QT INTERVAL
Acceptable agreement of QT duration measurements from 100 randomly selected QRS-ST-T complexes of 12-lead ECG between manual and automatic methods was demonstrated by Bland and Altman plots. The maximal difference in the QT interval between manual and automatic measurements was 8 ms, which was acceptably small. 21 
PATIENT CHARACTERISTICS
A total of 153 unselected Japanese outpatients were included in the analyses ( Table 1) . Patients with LVH were significantly older (P = 0.015), had a significantly higher body mass index (P = 0.003) and were significantly shorter (P = 0.015) than those without LVH. LVH patients comprised hypertensive patients (71/73, 97%) and patients with mild aortic stenosis (2/73, 3%). Significantly more patients with LVH had hypertension or chronic renal disease, compared with those without LVH (P < 0.001 for both comparisons). Consequently, the frequency of antihypertensive drug use was higher in patients with LVH (P < 0.01).
ECHOCARDIOGRAPHIC AND ECG MEASUREMENTS
Interventricular septum thickness, LV posterior wall thickness, LVM and LVMI were significantly higher in patients with LVH than in those without (P < 0.001; Table 2 ), as also was end-diastolic LV internal diameter (P = 0.004; Table 2 ). There were no significant differences in LV ejection fraction between the two groups. All of the time-interval measurements, voltage measurements and time-voltage products were significantly longer, higher and greater, respectively, in LVH patients than in non-LVH patients (MaxQTc, P = 0.009; AverQRS, P = 0.003; and P < 0.001 for all other comparisons). The ST-T change, as defined above, was observed in R Izumi, R Shinohata, N Ohmaru et al.
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45.2% of LVH patients but in only 8.8% of non-LVH patients (P < 0.001). There were no significant differences in any of the ECG parameters between patients taking drugs affecting the renin-angiotensin system (angiotensin receptor blockers or angiotensin-converting enzyme inhibitors) and those who were not, nor between patients who were taking calcium channel blockers, β-blockers and other drugs (e.g. statins) and those who were not. Multivariate analyses of other variables also revealed that drug use did not affect ECG measurements. Table 3 summarizes the results of correlations between ECG parameters and LVMI. Both QTcD and MaxQTc were significantly correlated with LVMI (P < 0.001). A slightly higher correlation coefficient was obtained for QTcD than for MaxQTc. AverQRS and MaxQRS showed a similar significant correlation with LVMI index (P < 0.001), but QRS dispersion did not. The correlation coefficient for MaxQRS was slightly higher than that for AverQRS. Consequently, when QT and QRS time parameters were combined, the sum of QTcD and MaxQRS (QTcD + MaxQRS) showed the highest correlation coefficient among QTc, QRS interval parameters and their combinations. These correlations were slightly higher than those for Sokolow-Lyon or Cornell voltages.
CORRELATIONS BETWEEN TIME-INTERVAL, VOLTAGE INDICES AND LVMI
ROC CURVE ANALYSIS FOR DETECTION OF LVH
The results of ROC curve analysis are summarized in Table 3 , and a representative ROC curve is shown in Fig. 1 Table 4 summarizes the results of multivariate analyses in accordance with the results obtained by univariate analysis. Multiple linear regression analysis showed that QTcD and MaxQRS, with or without ST-T change, were significantly correlated with LVMI (P < 0.01). Similarly, multiple logistic regression analysis also showed that QTcD and MaxQRS, without ST-T change, contributed significantly to the identification of LVH (P < 0.01) as did QTcD with ST-T change (P = 0.023); MaxQRS with ST-T change almost showed statistical 
MULTIVARIATE ANALYSES
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TABLE 3: Correlations between time-interval indices and left ventricular mass index (LVMI), and receiver operating characteristic (ROC) curve analysis for discrimination of left ventricular hypertrophy in Japanese patients (n = 153)
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significance (P = 0.051). When sex difference was added as a dependent variable, neither multiple linear nor logistic regression analysis selected it as a factor significantly associated with LVH, as measured by LVMI.
When scoring was performed based on the results of multiple logistic regression analysis, QTcD and MaxQRS showed AUC values of around 0.75 (0.741 for QTcD + MaxQRS; Table 5 ). Slightly higher AUC were obtained when ST-T change was added to the model (0.754). Finally, a scoring method using a combination of QTcD, Cornell QRS voltage-duration product and ST-T change yielded the highest AUC (0.785). When two of the following findings, QTcD ≥ 50 ms, Cornell voltage product ≥ 203 mV·ms and ST-T change, were obtained, LVH was considered to exist with a sensitivity of 56.2% and a specificity of 86.3%.
Discussion
The present study showed that QT time intervals as well as QRS interval parameters determined by computerized ECG were significantly correlated with LVMI in unselected Japanese outpatients. Statistical analysis indicated that QTcD played a significant role in increasing the detectability of LVH with other indices. The optimal cutoff point for each parameter obtained from the Japanese patients included in the present study differed from those reported from Western countries. 25 A computerized ECG machine was employed to determine the QT interval. The comparison of results between manual and computerized measurements confirmed the reliability of using the computerized ECG machine. The reliability of the machine used in the present study has also been demonstrated previously. 21, 23 Indices of LVH were determined using two-dimensional echo cardiography. Numerous studies have used two-dimensional echocardiography to determine LVH as a standard method, and its reliability has been established. 1, 29 These considerations indicated that the methods used in the present study were valid and that further analyses were justified.
A significant correlation was noted between QTcD and LVMI in the present study, 
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with a correlation coefficient of 0.450. Several reports have examined the relationship between QT parameters and LVH in patients with hypertension. 6,12,16 -18,30 -32 Although these reports found a significant correlation between QT dispersion and LVMI, the correlation coefficients covered a relatively wide range of 0.3 − 0.6. The studies in question measured the QT interval manually with or without a digitizer. Several studies have measured the QT interval manually using a digitizer on the 12-lead ECG, 6,12,17,18,30 -32 and another study did so manually employing the magnified ECG on a screen. 16 Thus, the methods employed were not completely the same, and manual measurements have a margin of error that possibly explain the considerably wide range of coefficients. A relatively high correlation for the relationship between QTcD and LVMI, determined electronically using a computerized ECG system, was found in the present study. This method may have had a smaller margin of error in comparison with previous studies, which may be at least one reason for the relatively high correlation obtained in the present study. Although the degree of correlation between QT dispersion AUC, area under the receiver operating characteristic (ROC) curve; CI, confidence interval; QTcD, corrected QT dispersion; MaxQRS, maximal QRS duration. QT dispersion and left ventricular hypertrophy and LVMI differs among the reported studies, the existing evidence, together with the present study, suggest a significant correlation between QTcD and LVMI. The present study found that QRS timeinterval indices were significantly correlated with LVMI, with correlation coefficients of around 0.35, and addition of the QRS time interval indices to the QT indices increased the ability to identify LVH. A significantly longer QRS duration has been reported in patients with LVH than in those without. 16, 33 Similar or slightly higher correlations of QRS duration with LVMI have been reported. 13, 34 Furthermore, the QRS interval combined with QRS voltage indices has been reported to improve the detectability of LVH. 16, 35 Overall, therefore, QRS duration appears to be important for detection of LVH.
It is also well known that ST-T change shows a considerable association with LVH due to repolarization abnormalities. 36 It was found in the present study that 45.2% of LVH cases were associated with ST-T changes, which was in good agreement with previously reported findings. 36 The present study found an increase in the AUC when ST-T change was added as a factor to the model used for identification of LVH in the logistic regression analysis, indicating that ST-T change in addition to the QT and QRS time interval indices is useful for predicting the presence of LVH.
One of the important findings of the present study was that the cut-off point of QTcD for detection of LVH differed from that in previous studies involving Caucasians. 16, 17, 25, 28 The cut-off points for the QRS voltage-duration parameters were also smaller in the present study than in a previous report, 16 as was the cut-off for the Cornell voltage. 25, 28 The methods used in the present study were, however, essentially the same as those employed previously. Previous studies have all been performed in Western countries (using mainly Caucasian subjects), whereas the present study involved Japanese patients as representative of an Asian cohort. The discrepancy in the cut-off points indicates that there are rational differences in the ECG criteria for detection of LVH.
The correlation between QRS voltages and LVMI observed in the present study was comparable to that between QTcD and LVMI. The AUC of the ROC for detection of LVH was also comparable between QTcD and QRS voltages. In regard to this, conflicting results have been reported. A higher AUC for QT dispersion than for QRS voltages has been demonstrated, 16 although the methods used for measuring the QT interval differed from those in the present study. Another study, employing a small number of patients reported a better performance of the QRS interval to T wave peak in lead I than simpler ECG voltage indices for detection of LVH. 30 Two other studies, 31, 32 which support the present study, reported that when used in isolation all QT interval-derived parameters showed a specificity and sensitivity equivalent to the ECG voltage criteria.
The scoring system constructed using the results of multiple logistic analyses indicated that a combination of QTcD, the QRS voltage-duration product and ST-T change provided the highest AUC for detection of LVH. Salles et al. 16 reported that a combination of QT interval parameters and QRS voltage improved the detection of LVH.
Although the cut-off points for QTcD and the QRS time-voltage product obtained in the present study were different from those in their study, the present results were in good agreement with Salles et al. 16 The addition of the ST parameter to QTcD and the QRS voltage-duration product in the present study further improved the detection of LVH. Consequently, previously reported results The present study did not address the mechanisms responsible for the significant relationship between QTcD and LVMI. The standard surface ECG provides regional information. Basic studies 7 -9 have demonstrated that LVH increases the nonhomogeneity of ventricular repolarization in association with prolongation of the action potential duration. Non-homogeneity is thought to be greater when LVH is more severe, leading to increased QTcD. This is the most probable explanation for the significant relationship between QTcD and LVMI.
One of the limitations of the present study was that it included a relatively small number of subjects. The LVMI data resembled a Gaussian distribution, indicating that the patients studied were representative of a large cohort. The careful statistical analyses may partly compensate for this limitation.
In conclusion, the present study revealed that QTcD, determined using an automatic computerized ECG system, was correlated with LVH, as determined by standard twodimensional echocardiography. The present system for automatic determination of QTcD is useful for improving the detection of LVH.
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